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The pa per in ves ti gates a pos si bil ity of pMOS do sim e ter re-use for the mea sure ment of
gamma-ray ir ra di a tion. The do sim e ters were ir ra di ated to the dose of 35 Gy,  an nealed at
room and el e vated tem per a tures, af ter which they were ir ra di ated again to the same dose
value. Changes in the thresh old volt age shift dur ing those pro cesses were fol lowed, and it was
shown that their re-use de pends on a gate po lar iza tion dur ing ir ra di a tion. For the gate po lar -
iza tion of 5 V dur ing ir ra di a tion the pMOS do sim e ters can be re-used for mea sure ments of
the ir ra di a tion dose af ter an neal ing with out prior cal i bra tion. The pMOS do sim e ters with the 
gate po lar iza tion dur ing ir ra di a tion of 2.5 V can also be re-used for ir ra di a tion dose mea sure -
ments but they re quire cal i bra tion. It is shown that for their re-use it is nec es sary to an neal the
pMOS do sim e ter so that the fad ing is higher than 50%.
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IN TRO DUC TION

Over the past few years, there has been an in -
creas ing in ter est in MOSFET (metal-ox ide-semi con -
duc tor field ef fect tran sis tor) do sim e try. This has been
stim u lated by a new tech nol ogy de vel op ment lead ing
to the use of new types of de tec tors [1-9]. The idea to
use ra di a tion sen si tive p-chan nel MOSFET with
Al-gate as a do sim e ter (known as pMOS do sim e ter or
RADFET) has been around since the be gin ning of the
1970’s. These do sim e ters have been de vel oped for ap -
pli ca tions such as space, nu clear in dus try, and ra dio -
ther apy [10-13]. The ap pli ca tion of pMOS do sim e ter
is based on con vert ing the thresh old volt age shift DVT, 
in duced by ra di a tion, into the ra di a tion dose  D. The
pMOS do sim e ter must sat isfy two fun da men tal
dosimetric de mands: a good sen si tiv ity to ir ra di a tion
and an in sig nif i cant change in the thresh old volt age of
ir ra di ated do sim e ter for a long time. The ra di a tion sen -
si tiv ity can be achieved by in creas ing ox ide thick ness
[14-16], by stack ing more tran sis tors [17, 18] or ap -
ply ing a pos i tive bias at the gate dur ing ir ra di a tion [19,
20]. Be side the above men tioned re quire ments, it is

very im por tant, for prac ti cal ap pli ca tions, to achieve a
lin ear de pend ence be tween DVT and D [21]. Af ter ir ra -
di a tion the  usu ally changes, what leads to a loss of
dosimetric in for ma tion. The  dosimetric in for ma tion
loss dur ing an neal ing can be ob served by cal cu lat ing
fad ing, F (t). Fad ing, ex pressed in %, is ob tained by
eval u at ing the ra tio DVT(R)/DVT(0), where DVT(R) is
the change in the pMOS do sim e ter thresh old volt age
with time af ter ir ra di a tion and DVT(0) is the change in
the thresh old volt age due to ra di a tion.

There are sev eral types of do sim e ters like
thermoluminescent do sim e ters (TLD), semi con duc tor 
di odes, and op ti cally stim u lated lu mi nes cence do sim -
e ters (OSDL). The TLD are rather small, well char ac -
ter ized and stan dard in use; how ever, they are not suit -
able for mea sure ments and read out of dosimetric
in for ma tion that is de struc tive. Semi con duc tor di odes
are also min ia ture in size, but they pro duce a small
dosimetric sig nal and re quire high volt age. The op ti -
cally stim u lated lu mi nes cence (OSL) do sim e try con -
cept has re cently re-emerged with prom is ing re sults
[22], how ever, OSLD re quire in te gra tion of elec tronic
and op tic el e ments in the read out sys tem and
dosimetric in for ma tion is read de struc tively. The
pMOS do sim e ters ad van tages in clude im me di ate,
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non de struc tive read out of dosimetric in for ma tion, ex -
tremely small size, very low power con sump tion, wide 
dose range and very com pet i tive price. How ever, the
dis ad van tages im ply a need for cal i bra tion in dif fer ent
ra di a tion fields, rel a tively low res o lu tion (start ing
from about 10–2 Gy) and in abil ity to be re-used [20].
Pre vi ously pub lished re sults [23] have sug gested a
pos si bil ity to re-use the pMOS do sim e ters. The aim of
this pa per is to in ves ti gate such a pos si bil ity for ra di a -
tion doses of sev eral tenths of Gy for dif fer ent val ues
of gate bias dur ing ra di a tion.

EX PER I MEN TAL DE TAILS

The ex per i men tal sam ples used in this pa per
were ra di a tion sen si tive Al-gate p-chan nel MOS tran -
sis tors (pMOS do sim e ters or RADFET) man u fac tured 
by Tyn dall Na tional In sti tute, Cork, Ire land. The tran -
sis tors have 400 nm thick ox ides grown at 1000 °C in
dry ox y gen and an nealed for 15 min utes at 1000 °C in
ni tro gen. The post-metallization an neal ing was per -
formed at 440 in form ing gas for 60 min utes (see ref.
[20] for more de tails). The sam ples were ir ra di ated at
room tem per a ture us ing 27

60 Co ra di a tion source up to
35 Gy(Si) and a dose rate of 0.02 Gy(Si)/s. The ir ra di a -
tion was per formed in the Sec ond ary Stan dard Do sim -
e try Lab o ra tory of the Vin~a In sti tute of Nu clear Sci -
ences, Vin~a, Bel grade. All mea sure ments were
con ducted in a cli mate con trolled lab o ra tory en vi ron -
ment at the am bi ent tem per a ture of 20 ± 20 °C. The air
kerma rate in the ref er ence point was mea sured us ing a 
cal i brated, vented 0.6 cm3 ion iza tion cham ber (Model
30012, PTW, Freiburg, Ger many) and electrometer
Unidos (PTW, Freiburg, Ger many). The stan dard cal i -
bra tion of the cham ber in terms of air kerma and ab -
sorbed dose in wa ter in 27

60 Co beam qual ity was per -
formed in the Sec ond ary Stan dard Do sim e try
Lab o ra tory of the In ter na tional Atomic En ergy
Agency, Vi enna. The cal i bra tion co ef fi cients ob tained
in this way are trace able to BIPM. The val ues ob tained
were trans formed to ab sorbed dose in rel e vant ma te -
rial. Tak ing into ac count rel e vant in flu enc ing quan ti -
ties, as the electrometer range, am bi ent tem per a ture,
and pres sure con di tions, en ergy, ma te rial, po lar ity,
and charge re com bi na tion, com bined and ex pended
un cer tainty of air kerma mea sure ment (k = 2) is es ti -
mated to be 1.1% (for more de tails about mea sure ment 
un cer tainty see refs. [24, 25]). The gate bias dur ing ir -
ra di a tion, Virr, was 5, 2.5, and 0 V. Af ter ir ra di a tion, the 
pMOS do sim e ters were an nealed at room tem per a ture
for 5232 hours with out gate po lar iza tion. Fur ther an -
neal ing pro cess was con tin ued at the 120 °C for 432
hours with out gate po lar iza tion. Af ter that, the pMOS
do sim e ter were ir ra di ated and an nealed un der the
same con di tions for the sec ond time. The trans fer
char ac ter is tics were mea sured us ing Keithley model
4200 SCS (see ref. [26] for more de tails). All mea sure -

ments on sam ples were per formed at room tem per a -
ture by in ter rupt ing the ra di a tion or an neal ing pro cess.
The pMOS do sim e ter thresh old volt age be fore ir ra di a -
tion VT0 as well as dur ing ir ra di a tion and an neal ing VT

(DVT = VT – VT0) was de ter mined from trans fer char ac -
ter is tics, i. e. as in ter sec tion be tween VG axis and ex -
trap o la tion of lin ear re gion of the ID

1/2 – VG char ac ter -
is tics [27], where ID is the drain cur rent and VG is the
gate volt age.

RE SULTS AND DIS CUS SION 

Fig ures 1-3 show DVT = f(D) de pend ence for
both first and sec ond ir ra di a tion for Virr val ues of 5,
2.5, and 0 V, re spec tively. It can be seen that there is
ap prox i mately a  lin ear de pend ence be tween DVT and
D for Virr of 5 V and 2.5 V which proves that sen si tiv ity 
of pMOS do sim e ters for ra di a tion doses to 35 Gy can
be de ter mined as DVT/D [26]. For the first and the sec -
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Fig ure 1. Thresh old volt age shift DVT as a func tion of
dose for 1st and 2nd ir ra di a tion; the gate volt age dur ing
ir ra di a tion was Virr = 5 V

Fig ure 2. Thresh old volt age shift DVT as a func tion of
dose for 1st and 2nd ir ra di a tion; the gate volt age dur ing
ir ra di a tion was Virr = 2.5 V



ond ir ra di a tion for Virr = 5 V the val ues of DVT prac ti -
cally over lap (fig. 1), for Virr = 2.5 V,  DVT val ues dur -
ing the sec ond ir ra di a tion are slightly higher (fig. 2),
while for Virr = 0 V, DVT val ues for the sec ond ir ra di a -
tion are con sid er ably higher (fig. 3). These re sults are
in op po si tion with the re sults pre sented in [23] for
pMOS do sim e ters ir ra di ated up to 400 Gy. Namely, in
pa per [23] it was shown that the val ues of DVT dur ing
the first ir ra di a tion (for Virr = 5 V and Virr = 0 V) are
larger than the val ues ob tained af ter the sec ond ir ra di a -
tion. It can also be seen from the figs. 1-3 that the in -
crease of Virr leads to the in crease of DVT for the same
ir ra di a tion dose, i. e.  the sen si tiv ity of pMOS do sim e -
ters is in creased with in crease of Virr, what is in good
agree ment with our pre vi ous re sults [21, 26].

Fig ures 4, 5, and 6 rep re sent fad ing, F (t) for
pMOS do sim e ters with a gate po lar iza tion dur ing ir ra -
di a tion Virr of 5, 2.5, and 0 V, re spec tively. It can be
seen that fad ing at room tem per a ture is larger af ter the
first ir ra di a tion than af ter the sec ond one as well as that 
it is larger for pMOS do sim e ters with higher value of
gate po lar iza tion dur ing ir ra di a tion, figs. 4(a), 5(a),
and 6(a). The con tin u a tion of an neal ing at 120, figs.
4(b), 5(b), and 6(b), leads to a con sid er ably smaller
fad ing af ter the first ir ra di a tion then af ter the sec ond ir -
ra di a tion. Af ter the first ir ra di a tion for sam ples with

the gate po lar iza tion dur ing ir ra di a tion of 5 V and 2.5
V the fad ing is in creased at 120 °C for 60% and 53%,
re spec tively, figs. 4(b) and 5(b), while for the sam ples
with out gate po lar iza tion dur ing the first ir ra di a tion
the fad ing re mains ap prox i mately con stant, and it has
value of about 27%, fig. 6(b). Af ter the sec ond ir ra di a -
tion the fad ing is in creased at 120 for sam ples with the
gate po lar iza tion of 5 and 2.5 V for 81%, figs. 4(b) and
5(b), while the fad ing for sam ples with out the gate po -
lar iza tion is about 35%, fig. 6(b).

As it can be seen from fig. 1, DVT val ues for the
first and the sec ond ir ra di a tion for Virr = 5 V are prac ti -
cally the same al though the fad ing af ter the first ir ra di -
a tion was 60%. It shows that fad ing is not a lim it ing
fac tor for pMOS do sim e ters re-use. Hence, af ter an -
neal ing at room and el e vated tem per a ture those do sim -
e ters can be used again for a ra di a tion dose mea sure -
ment. The lat ter also im plies the sam ples with 2.5 V
gate po lar iza tions dur ing ir ra di a tion (fig. 2), but it is
nec es sary to per form ad di tional re-cal i bra tion of the
DVT = f(D) curve. The pMOS do sim e ters ir ra di ated
with out a gate po lar iza tion (fig. 3) can not be used for
ad di tional ra di a tion dose mea sure ment due to a large
dif fer ence be tween DVT val ues af ter the first and the
sec ond ir ra di a tion.

Be cause the fad ing at 120 °C af ter the sec ond an -
neal ing is higher than af ter the first one, figs. 4(b) and
5(b) it is ex pected that the con sid ered pMOS do sim e -
ters can be used for the third mea sure ment of ra di a tion
doses. Fur ther in ves ti ga tions un der var i ous con di tions 
such as gate po lar iza tion dur ing ir ra di a tion and an -
neal ing, gate ox ide thick ness, ir ra di a tion dose range,
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Fig ure 3. Thresh old volt age shift DVT as a func tion of
dose for 1st and 2nd ir ra di a tion with out po lar iza tion on
the gate

Fig ure 4. Fad ing F af ter first and sec ond ra di a tion: at
room tem per a ture (a) and  at 120 °C ( b); the gate volt age
dur ing ir ra di a tion was Virr = 5 V

Fig ure 5. Fad ing F af ter first and sec ond ra di a tion:  at
room tem per a ture (a) and  at 120 °C (b); the gate volt age
dur ing ir ra di a tion was Virr = 2.5 V

Fig ure 6. Fad ing F af ter first and sec ond ra di a tion:  at
room tem per a ture (a) and at 120 °C (b); the gate volt age
dur ing ir ra di a tion was Virr = 0 V



an neal ing tem per a ture should con firm the pos si bil ity
of these do sim e ters re-use.

CON CLU SIONS

The pa per pres ents the re sponse of pMOS do -
sim e ters dur ing two suc ces sive gamma ir ra di a tions to
35 Gy and fur ther an neal ing at room and el e vated tem -
per a ture. The re sponse was mon i tored on the bases of
the thresh old volt age shift change as a func tion of ab -
sorbed dose or an neal ing time. It was shown that the
thresh old volt age shift val ues af ter the first and the
sec ond ir ra di a tion are ap prox i mately the same when
the gate po lar iza tion was 5 V, while they slightly dif fer
for the gate po lar iza tion of 2.5 V. Such rel a tively good
agree ment be tween the thresh old volt age shifts val ues
was achieved in spite of the fact that fad ing af ter the
first an neal ing was not 100%, but slightly above 50%.

Based on the ob tained re sults it can be con cluded
that pMOS do sim e ters can be re-used for the mea sure -
ment of ra di a tion dose if they are an nealed af ter the first
ir ra di a tion at room and el e vated tem per a ture. Be cause
the fad ing dur ing the sec ond an neal ing is much higher
than dur ing the first an neal ing, it may be con cluded that
these do sim e ters can be used for mul ti ple mea sure -
ments of ab sorbed dose of gamma-ray ir ra di a tion. Ad -
di tional in ves ti ga tions should pro vide a more de tailed
in for ma tion re gard ing the pMOS do sim e ters re-use.
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SUKCESIVNO  OZRA^IVAWE  GAMA  ZRA^EWEM  I
ODGOVARAJU]I  OPORAVAK  pMOS  DOZIMETARA

Razmotrena je mogu}nost primene pMOS dozimetara za ponovno merewe doze gama
zra~ewa. Ovi dozimetri su ozra~ivani do doze 35 Gy, potom oporavqani na sobnoj i povi{enoj
temperaturi i ponovo ozra~ivani do iste doze. Pra}ene su promene napona praga tokom ovih
procesa i pokazano je da wihova ponovna primena zavisi od napona na gejtu tokom zra~ewa. Za napon
na gejtu od 5 V pMOS dozimetri se mogu efikasno primeniti za ponovno merewe doze posle
oporavka. Tako|e, pMOS dozimetri ~ija je polarizacija na gejtu 2.5 V mogu se primeniti za ponovno
merewe doze uz prethodnu kalibraciju. Za ponovnu primenu pMOS dozimetara potrebno je
izvr{iti oporavak tako da feding bude ve}i od 50%.

Kqu~ne re~i: pMOS dozimetar, gama zra~ewe, promena napona praga, apsorbovana doza


